It is thought that the Moon accreted from the protolunar disk that resulted from the last giant impact on Earth. The protolunar disk is one of the least known structure of planetary sciences and the present we present the first numerical exploration of its evolution.
Due to its high temperature, the protolunar disk may act as a thermochemical reactor in which the material is processed before being incorporated into the Moon, if the disk survives long enough. Volatile escape as well as isotopic diffusion inside the disk might explain the geochemical composition of the Moon and its similar isotopic composition with the Earth. However the disk lifetime dynamics and thermodynamics are mostly unknown Here, we numerically explore the long term viscous evolution of the protolunar disk using a one dimensional model where the different phases (vapor and condensed) are vertically stratified and at thermodynamical equilibrium. We account for viscous heating, radiative cooling, phase transitions and gravitational instability. The viscosity of the gas, liquid and solid phases dictates the disk evolution.
We find that (1) the disk's vapor condenses rapidly into liquid in about 10 years (2) most of the disk mass flows inward rapidly into a hot and compact liquid disk between 1 and 1.7 Earth's radii, a region where the liquid is gravitationally stable (3) this liquid disk survives 10 3 to 10 4 years above 2000K depending on the vapor effective viscosity (4) when solidification proceeds, the disk experiences a series of brief and intense heat bursts due to viscous instabilities that lengthen the disk cooling time (5) the disk finally becomes solid in 10 4 to 10 5 years. Viscous heating is never balanced by radiative cooling.
A very promising aspects concerns the viscous evolution of volatiles : if the vapor phase is abnormally viscous, due to magneto-rotational instability for instance, the volatiles mostly accrete on Earth leaving a disk enriched in refractory elements. This opens a way to form a volatile-depleted Moon and would suggest that the missing Moon's volatiles are buried today into the Earth. This would also probably imply the presence of an early magnetic field on the proto-Earth. The disk cooling timescale may be long enough to allow for planet/disk isotopic equilibration.
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